Abstract. The scaling of displacement as a function of length is important for a variety of applications which depend on the mechanical and hydraulic properties of faults and fractures. Recently it has been suggested that the power-law exponent v which has been found to characterise this relationship may change significantly at a characteristic length for a variety of reasons, for example when cracks begin to interact, or when faults grow to a length comparable to a characteristic size in the brittle layer. Such a break of slope requires a second straight line, requiring two extra model parameters. Here we present a new method for analysing such data, which penalises the extra parameters using a modified form of Schwarz's Information Criterion, and a Bayesian approach which represents uncertainty in the unknown parameters. We apply the method to data from the Krafla fissure zone in the north of Iceland, and find a significant break of slope, from v=3/2 to v=2/3, at a characteristic length of 12 m.
Introduction
This paper addresses the general question of the appropriate degree of the complexity of a statistical model in geology and geophysics. It is well known that adding extra parameters to a model will improve any curve fit to data, in the sense that the sum of squares of the residuals between the best-fitting curve and the data points will be reduced. It is therefore necessary to introduce an appropriate penalty for the extra degrees of freedom in a more complex model. Here we examine the specific case of breaks in slope for power-law scaling, using as an example data for fracture opening displacement u as a function of length I for the Krafla fissure swarm in northern Iceland. The questions to be addressed are: (1) Is there a significant break of slope in the data set?, and if so (2) where is it most likely to be?, and ( The main constraints are that the data sets be comprised of pairs of observations (xi, YO, where the dependent variable y• is assumed to be normally distributed, given x•, and that the two best fit straight lines are continuous at the changepoint x*.
Fault and fracture scaling
The scaling properties of faults and fractures is of general interest for a host of applications, including the mechanics of fault and fracture growth, fluid flow and contaminant transport in the subsurface, and for understanding the mechanics of earthquakes (Cowie et al., 1996) . In general the scaling of maximum displacement u as a function of length l takes the power-law form, u = k I v, where k and v are constants. For example, for scale-invariant crack growth v =1 (Scholz & Cowie, 1990 ).
The exponent itself may also be scale-dependent. For example Hatton et al. (1994) suggested a systematic change in the scaling of crack opening displacement as a function of length in the Krafla fissure zone in northern Iceland. In their study crack opening displacement and length were measured in a single field season by the same observers, over a bandwith in fracture length of 5 orders of magnitude. The fractures result from ongoing tensile stresses applied to a basalt deposit laid down following an eruptive period from [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] , and grow through an earlier set of cooling joints with a characteristic size of 30 cm. Previously a change in exponent, from v=2 to v--l, at a characteristic fracture length of 3 m or so, had been inferred from fitting two independent straight lines through the data plotted on log-log axes. This break of slope may be attributed either to the effect of the characteristic scale length of the cooling joints on the crack tip process zone (Hatton et al., 1994 ), or to a critical crack size where the stress field generated by individual cracks begins to interact strongly with that of its neighbours, leading to co-operative behaviour in the form of scale-invariant crack growth associated with localisation of the deformation (Renshaw & Park, 1997).
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Despite their importance, systematic changes in scaling are often difficult to demonstrate unequivocally, given the available data. This is mainly due to the inherent order-ofmagnitude scatter in the data (ui, l.O, not only due to measuring uncertainty, but also to an irreducible stochastic element in the physics of fracture nucleation and interaction (Cowie et al., 1996) . It is also not sufficient to fit two straight lines without penalising the additional two parameters appropriately. Here we re-examine the data of Hatton et al. which are independent of x*, and plot as horizontal lines. The quadratic fit is better than the linear fit, but the peak value BICm• outperforms both significantly. When we apply the value of x* which maximises BIC in Figure 1 , we obtain the best fit solution to equation (1) g. Sornette et al., 1996) . Accordingly, a separate (entropybased) method is being developed to tackle this problem explicitly. 
Conclusion

